Abstract: Alluvial soils in the Upper Coastal Plain soil resource area in the state of Mississippi occur in narrow floodplains. Prime farmland soil was collected in 4 foot increments to a depth of 16 ft. Soil collected from Kirkville and Oaklimiter sites was placed in 5 gallon pots in the greenhouse with five replications. Soil fertility (P, K, Ca, Mg and CEC) increased (P<0.05) as depth increased indicating that deep alluvial subsoils have a greater productive capacity. Soil pH was acidic (4.5 to 5.2) and tended to be similar with depth from the Oaklimiter site, but decreased curvilinearly to a depth of 12 ft from the Kirkville site. Pearl millet was planted in the summers of 2005 and 2006 followed by annual ryegrass in the winters of 2006 and 2007. Soil was remixed and limed with 2 tons dololmite per acre after year one. Pearl millet growth in 2005 increased linearly (P < 0.05) as subsoil depth increased at both sites. Manganese (Mn) levels in pearl millet increased linearly as subsoil depth increased from both soils to greater than 2000 ppm but was apparently not toxic to pearl millet. Ryegrass growth increased curvilinearly to a depth of 12 ft from Oaklimiter subsoils but decreased linearly as depth increased from Kirkville due to elevated Mn levels in ryegrass. Mn levels above 500 ppm were toxic to ryegrass. Liming increased pH to as high as 7.6 in soil from Kirkville and to 7.2 from Oaklimiter and had a neutral impact on pearl millet growth. Ryegrass growth following lime was greater as depth increased from Kirkville subsoils and was similar in Oaklimiter. Mn levels in both pearl millet and ryegrass were reduced to non-toxic levels following lime indicating that lime ameliorated subsoils would be suitable as topsoil.
Introduction
The Surface Mine Control and Reclamation Act (SMCRA) was enacted in 1977 as Public Law 95-87 (Plass 2000) . This required agricultural land to be returned to its original premining usage capability, restoration of approximate original contour, deep burial of toxic and acid forming materials, and salvage and stockpiling of topsoil and subsoil layers. These requirements led to reclamation practices that often resulted in soil compaction and reduced yields due to the usage of scrapers and levelers (Albrecht and Thompson, 1982 cited in Dunker and Barnhisel, 2000; McSweney et al., 1987) . Shovels and open-ended dump trucks and bulldozers provide the best operational method of respreading suitable growth material (Hooks et al, 1992 cited in Dunker and Barnhisel, 2000) and is the current method utilized at the Red Hills Lignite Mine (RHM) in Ackerman, MS.
Alluvial floodplains consist of soils that are mixed and non-uniform, characteristic of young soils (Entisols and Inceptisols). Each of the bottomland(*) prime(+) farmland soils within the Red Hills Mine permit area are mixed Fluventic or Fluvaquentic Dystrudepts indicating that they are recently formed water deposited soils (Table 1) . Pits dug to a depth of 16 ft in Cascilla and Chenneby mapped areas November, 2005 had un-decomposed wood at a depth of 12 to 16 ft that indicates their formation may be within a few hundred to few thousand years. Their topsoil horizons are shallow to depth of 7 to1 0 inches with little subsoil development except as indicated by gray mottling due to variations in water table levels that range from 0 to 5 ft (McMullen, 1986) . These bottomland subsoils consists of reduced depositional topsoil and subsoil layers eroded from nearby sloping uplands (Janak, 2001 ).
Upland prime farmland soils within the Red Hills Mine permit area are Alflisols that have thin topsoil horizons less than 10" thick. Two of the soils (Bude and Providence) have fragipans indicating that recovery of its subsoil layers would result in destruction of its fragipan and may create favorable conditions that should be desirable for reconstructed reclaimed soil. Acreage of the Tippah soil is small and intermixed with Bude and Sweatman soils, making their recovery operationally difficult. . Ariel*+----------------Coarse-silty, mixed, active, thermic Fluventic Dystrochrepts Arkabutla*-----------Fine-silty, mixed, active, acid, thermic Fluventic Endoaquepts Bude+-----------------Fine-silty, mixed, active, thermic Aquic Fragiudalfs Cascilla*+------------Fine-silty, mixed, active, thermic Fluventic Dystrudepts Chenneby*+----------Fine-silty, mixed, thermic Fluvaquentic Dystrudepts Guyton*--------------Fine-silty, siliceous, active, thermic Typic Glossaqualfs Kirkville*+-----------Coarse-loamy, siliceous, thermic Fluvaquentic Dystrudepts Oaklimeter*+--------Coarse-silty, mixed, active, thermic Fluvaquentic Dystrudepts Providence+---------Fine-silty, mixed, active, thermic Oxyaquic Fragiudalfs Smithdale------------Fine-loamy, siliceous, thermic Typic Hapludults Sweatman------------Clayey, mixed, thermic Typic Hapludults Reconstruction of alluvial soils may not be best accomplished by careful recovery of topsoil and subsoil layers. Pettry and Wood (1996) disturbed and replaced an Alligator clay (very fine, montmorillonitic, thermic Allic Dystraquerts) prime farmland soil found in the Mississippi floodplain commonly known as the Delta. Soil was excavated to a depth of 11.5 ft with careful recovery of the A and B horizons to a depth of 4 ft. Treatments included (1) An undisturbed control, (2) Replacement of the A and B horizons in the same morphological order to a depth of 4 ft over mixed materials, (3) The A and B horizons were mixed together and replaced to depth of 4 ft over mixed materials, (4) The A and B horizons were removed separately to a depth of 2 ft and replaced in the same morphological position over mixed materials, (5) Loamy materials occurring at a depth of 5 to 11 ft were removed, segregated and replaced to a depth of 4 ft over mixed materials and (6) The entire 11.5 foot lift was randomly mixed and replaced to a depth of 11.5 ft. Soybean (Glycine max) yield was statistically similar for all mixed soil treatments and twice that of the undisturbed native soil. Treatment 4 that consisted of using deep subsoil loamy layers at a depth of 5 to 11.5 ft were numerically highest (33.0 bu/Ac) and soil replacement with the A and B horizons in the same morphological order or A and B horizons mixed together had numerically the lowest (30.4 and 30.3 bu/A, respectively), average over three years. Soybean yield on undisturbed soil was 33% less (21.1 bu/A). Disturbed and mixed soil had better soil texture and larger macropores compared with undisturbed plots that served as reference areas (Pettry and Wood, 1996) . These data indicate that mixed alluvial soils along the Mississippi River have productive subsoil layers that provide superior plant growth materials compared with native undisturbed soil.
Similar findings have been reported in lignite producing regions of Louisiana and Texas (Feagley and Hossner, 2000) . Alluvial clay soils in Texas are similar to the Alligator soil described above by Petty and Wood (1996) . Hossner et al. (1992) worked with a Kaufman soil (very fine, montmorillonitic, thermic, Typic Pelludert) that occurs on level to gently sloping floodplains and found that its high clay and claypan were improved by deep mixing rather than replacing A and B horizons. Higher crop productivity and greater tree survival were observed on minesoils compared with native soil and the portion of land classified as prime farmland increased from 38.3% premined to 65.9% postmined (DeMent et al., 1992) . However, other studies in Illinois on highly productive soils have shown topsoil provides the best growth compared to subsoil layers though certain subsoils, e.g. claypans,
were best ameliorated by mixing of B and C horizon layers for use as subsoil replacement (McSweney et al., 1981) .
Characteristics of bottomland soils within the Red Hills Lignite Mine permit area indicate that subsoil layers provide suitable plant growth material that exceeds topsoil's productive capacity in terms greater of P, K, Ca, Mg and cation exchange capacity (CEC) as soil extraction depth increased from 4 to 16 ft (Table 3) . Soil pH became more acidic in the Kirkville soil as soil depth increased but was similar at all depths in the Oaklimiter and was moderately to strongly acidic. All layers, including the surface 0 to ft, would require agricultural limestone at a rate of 1 to 3 tons/Ac. Soil texture varied between layers and between soils with high levels of sand in some layers (Table 4) , typical of textural variation in many mixed alluvial soils.
The objective of this study was to determine the productivity of subsoil layers collected in 4 foot intervals to a depth of 16 ft from Oaklimiter and Kirkland soil. Table 3 . Soil fertility characteristics of bottomland soil collected at four depths from two soils at the Red Hills Mine, July 2004. Pots were fertilized with 1 gm of 15-5-10 fertilizer at planting and with 1 gm of 34-0-0 fertilizer at 2 to 3 week intervals. Pots were drip irrigated for 10 minutes per day at a rate of 4 L per hour.
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Millet was harvested at 10 cm above the soil on 19 July, 11 August, and 7 October 2005, dried at 
Results
Yield of greenhouse grown pearl millet increased with subsoil extraction depth in 2005 with the deepest depths (8 to 12 and 12 to 16 ft) showing the greatest pearl millet yield potential (Table 5 and Fig. 1A ). This was due to higher nutrient levels (P, K, Ca, Mg and CEC) in the deeper layers compared with near surface layers (Table 3) . Liming had a negative effect on pearl millet in 2006 (Table 5 and Fig. 1B . Soil pH increased by 1 to 2 units from 4.9 to as high as 7.7 (Fig. 4) . Pearl millet is highly tolerant of acid pH (as low as 3.5) but is adversely affected by pH greater than 7.5. This makes it a good test species for evaluating the success of loblolly pine on reclaimed land.
Mineral analysis indicated that Mn tissue levels in pearl millet were elevated as soil depth increased (Fig. 2) . In 2005 Mn levels approached and exceeded toxic levels (>2000 mg/kg) to wildlife and livestock (Ditsch and Collins, 2000) . Liming had a positive effect on reducing pearl millet tissue Mn levels in 2006 (Fig. 3) . There was a 50% reduction in Mn in 2006 compared with 2005 indicating that lime at 1 to 2 tons per acre will ameliorate potential Mn toxicity problems. Further research is needed to determine if mixtures of topsoil and subsoil layers extracted to depths of 0 to 16 ft provide suitable topsoil replacement materials.
